Background-Gestational age estimation by last menstrual period (LMP) vs. ultrasound (or best obstetric estimate in the US) may result in discrepant classification of preterm vs. term birth. We investigated whether such discrepancies are associated with adverse infant outcomes.
Background
Preterm birth, defined by the World Health Organization as a delivery before 37 completed gestational weeks, is the most important cause of infant and neonatal morbidity and mortality worldwide. 1 The requirement for defining preterm birth is valid estimation of gestational age. However, this estimation is often an approximation of the elapsed time from conception to delivery. Time from conception is rarely known with certainty, except in pregnancies conceived after assisted reproductive treatment.
Currently, two methods are mainly used to estimate gestational age: (1) the elapsed time from the first day of the last menstrual period (LMP); and (2) an ultrasound estimate based on fetal measurements which are converted into gestational age using established nomograms. Both methods have limitations. Errors in recall, irregular menstrual cycles or post-implantation bleeding can affect the LMP estimate. Ultrasound measurement of the crown-rump length is the most accurate estimate of gestational age in the first trimester, while biparietal diameter provides the most accurate estimate in early second trimester ultrasound. 2 However, fetal sex and early growth restriction affect fetal size, even in early pregnancy. 3 Thus, gestational age estimation by LMP vs. ultrasound (or best obstetric estimate in the US, which takes into account all perinatal factors and assessments including ultrasounds) will affect the estimation of gestational age and classification of preterm birth. 4 Several authors have reported that discrepancies in LMP vs. ultrasound estimates of gestational age are associated with adverse infant outcome. [5] [6] [7] [8] Given the importance of research and public health surveillance on the short-and long-term health consequences of preterm birth, 1 variations in rate of preterm birth caused by differences in method of estimating gestational age are of particular interest.
Comparison of preterm birth data and infant outcomes between countries are challenging due to changes in practice patterns and vital statistics reporting and varying methods of estimating gestational age. However, it is possible that the method of estimation of gestational age may distort cross-country comparison of adverse infant outcomes. By using medical birth registry data from three Nordic countries and US live birth certificate data, we estimated the risks of adverse neonatal outcomes and infant mortality in gestations with discordant gestational age as estimated by LMP and ultrasound or best obstetric estimate.
Methods
This study is based on all singleton live births registered in the Medical Birth Registries of Norway, Sweden and Finland and US live birth certificates since 1999. The most recent and complete data available from each country were provided: Norway until 2009; Sweden and US until 2012; and Finland until 2014. Pregnancies with gestational ages from 22 weeks +0 days to 41 weeks +6 days were included (based on ultrasound in the Nordic countries and best clinical/obstetric estimate in US vital statistics data). Preterm and term births were defined as a gestational age of 36 completed weeks or less (i.e. ≤36 weeks +6 days) and 37 weeks or more (i.e. ≥37 weeks +0 days) respectively. Pregnancies were categorised into concordant gestational estimates (term by both LMP and ultrasound or preterm by both LMP and ultrasound) and discordant gestational estimates (preterm by LMP and term by ultrasound or term by LMP and preterm by ultrasound). In the US, ultrasound dating is not directly available in birth registries, instead births include a 'clinical estimate' (1989 revision of birth certificate) or an 'obstetric estimate' (2003 revision of birth certificate), reflecting information available at birth, including the ultrasound. 9 Births with missing clinical or obstetric estimate, or for which the clinical or obstetric estimate was imputed for missing LMP estimate, were restricted out of the analyses. Pregnancies categorised as term by LMP and ultrasound/obstetric estimate in each country were used as the reference category in all analyses. To minimise misclassification of gestational age, data were cleaned by using the Alexander method to exclude births with incompatible birthweights and gestational age. 10 We estimated the risks of infant (death <1 year of life), neonatal (death 0-27 days of life), and post-neonatal (death 28 days to <1 year) mortality, low 5-m Apgar score (<4 or <7), and neonatal intensive care unit (NICU) admission. Sweden could not provide data on NICU admission. In the US data, NICU-admission was available only from 2003 to 2012 and only a limited number of states reported this outcome.
Crude and adjusted risk ratios (RRs) with 95% confidence intervals (CIs) were calculated using generalised linear models (STATA version 12.1 [Norway and Sweden] and SAS version 9.4 [Finland and the US]). RRs were adjusted for maternal age in five categories (<20, 20-24, 25-29, 30-34, or ≥35 years), parity (nulliparous or multiparous), year of birth (continuous variable), and infant sex. For Norway and Sweden, RRs were adjusted for maternal education in three categories (<11, 11-14, or ≥15 years). In Finland, maternal education during pregnancy was not available; socio-economic status based on maternal occupation during pregnancy was used instead. For the US, maternal education was categorised into <12 years (completed less than high school), 12-15 years (completed high school through some college), and ≥17 years (completed 4-years college) to align with the education categories in the Nordic countries. However, education was reported differently on US birth certificates between the 1989 and 2003 revisions. The variable from the 1989 version was recorded as 0-17 years of schooling, whereas the 2003 revision uses categories: 8th grade or less, 9th-12th grade (no diploma), high school graduate, some college credit, associate degree, bachelor's degree, master's degree. Comparable analytic categories were created as follows: <12 years included 8th grade or less and 9th-12th grade; 12-15 years included high school graduation, some college credit but not a degree and associate degree; ≥16 years included bachelor's degree, master's degree and doctorate degree.
Sensitivity analyses were performed for each country by using the z-score method. Infant birthweights were standardised into z-score taking gestational age into account. In a similar way as with the Alexander method, infants with z-scores by birthweight <−4 or >4 were excluded in these analyses. Specific sensitivity analyses were performed in the US data (stratification by version of birth certificate and adjustment for version of birth certificate) to assess impact on differential registration of education and gestational age across study period. Additionally, to assess the impact of clustering (repeated pregnancies to the same mother), a sub-analysis was performed in the Norwegian dataset, using generalised linear models with robust estimation of standard errors (STATA, version 12.1). We also compared births classified as term by LMP but preterm by ultrasound to births classified as preterm by both methods, by restricting both groups to be within 10 days from the cut-off day (259 days of gestation) by ultrasound/best obstetric estimate.
The use of register-based and live birth certificate data is exempt from ethics review in Finland and the US. Aggregated data from Sweden were provided and such data are also exempt from ethics review. In Norway, linked data on maternal level of education were obtained from the national education database. The use of these data was approved by the regional ethics committee, REK VEST, Norway (2009/1868).
Results
Numbers and characteristics of the datasets by country are presented in Table 1 . In all countries, numbers of infants classified as preterm by LMP but term by ultrasound were higher than numbers of infants classified as term by LMP but preterm by ultrasound. The proportion of infants classified as preterm by LMP but term by ultrasound were more than twice the proportion of infants classified as term by LMP but preterm by ultrasound in the United States and Finland, whereas in Sweden and Norway, these groups were almost equal in size. Additionally, the proportion of discordant records was 6% in the United States, while corresponding rates were lower in Finland (2.1%), Sweden (2.5%), and Norway (3.4%).
Compared to infants classified as preterm by LMP and term by ultrasound or clinical estimate, infants classified as term by LMP and preterm by ultrasound (or clinical estimate in the US) had lower mean birth-weight and higher proportion of primiparous mothers in all four countries. Pregnancies with discordant gestational age estimation tended to have lower level of education when compared to pregnancies with concordant gestational age estimation (Table 1 , Norway, Sweden, and the United States).
RR's by outcome and method of data cleaning are presented as crude and adjusted estimates in Supporting Information, Tables S1 to S8 (available online) for Norway, Sweden, Finland, and the United States respectively. A summary of adjusted RRs for all four countries is presented in Table 2 . Compared to infants classified as term by both methods, risks of all adverse outcomes studied (including infant mortality, neonatal mortality, post neonatal mortality, Apgar <4 at 5 min, Apgar <7 at 5 min, and NICU admissions) were highest for infants classified as preterm by both methods. For infant mortality, the range of adjusted RRs was from 16.9 in the US to 23.1 in Finland. RRs for neonatal mortality ranged from 29.5 in Norway to 40.0 in Finland. Post neonatal mortality showed RRs ranging from 6.1 in the US to 9.2 in Sweden. RRs for Apgar <4 and Apgar <7 at 5 min ranged from 9.0 in Norway and 7.3 in Sweden to 15.7 and 8.8 in the US respectively. For NICU admissions, RRs ranged from 9.7 in Finland to 13.7 in the US (Sweden did not have data available on NICU admission).
Risks of all adverse outcomes were consistently higher for infants classified as term by LMP but preterm by ultrasound/obstetric estimate than for infants classified as preterm by LMP but term by ultrasound. Compared with infants classified as term by both methods infants classified as preterm by LMP and term by ultrasound also had elevated risks, but to a more modest degree. For example, RRs for infant mortality were 7.1 in Sweden and 7.2 in Finland for infants classified as term by LMP and preterm by ultrasound, but 1.6 and 1.7, respectively, for infants classified as preterm by LMP and term by ultrasound. The same pattern held for neonatal and post-neonatal mortality, Apgar score <4 and <7 at 5 min and NICU admission. Data from the US had more precise estimates (narrower confidence intervals), owing to the very large number of births (>40 million livebirths for most outcomes).
Sensitivity analyses in each country, using the z-score method, yielded similar results for mortality and other outcomes (details are available in the online Tables S2, S4 , S6, and S8). In the US data, stratification by and adjustment for version of birth certificate (1989 and 2003 versions) did not change the estimated RR's. The sub-analysis in the Norwegian data, accounting for the effect of repeated pregnancies in the same mother, only minimally affected risks of all outcomes (data not shown).
Risks of adverse outcomes were similar when comparing births classified as term by LMP but preterm by ultrasound to births classified as preterm by both methods and restricting both groups to be within 10 days from the cut-off day (259 days of gestation) by ultrasound/ best obstetric estimate.
Comment
This analysis of data from Norway, Sweden, Finland, and the United States demonstrates that both groups with discordant gestational age estimates had consistently higher risks of adverse perinatal outcomes than those classified as term by both methods. These results show that discrepancy between methods to estimate gestational age may be a predictor for infant mortality and other adverse pregnancy outcomes in all four study countries.
Despite some variability in size of the discordant groups, risk estimates of adverse outcomes were consistent across study countries. The United States had the highest proportion of preterm birth and of small-for-gestational-age births, which could contribute to the higher proportion of infants classified as preterm by LMP but term by ultrasound (4% in the United States vs. 1-2% in the Nordic countries). There was little difference, however, in the proportion of infants classified as term by LMP but preterm by ultrasound across study countries.
One possible explanation for the higher risk in the discordant groups could be poorly recorded LMP. In our analysis, births classified as term by LMP but preterm by ultrasound/ obstetric estimate may reflect random errors in recall of LMP, preference for estimating the LMP as the first day of the month in which it occurred (as opposed to the exact day of the month which is harder to remember), or irregular menses with longer menstrual cycles. Births classified as preterm by LMP but term by ultrasound/obstetric estimate may also reflect random errors in recall of LMP or underestimation of gestational age by women's estimation of their LMP as the last day of the month, or owing to vaginal bleeding early in pregnancy, which can be mistaken for the LMP. Any of these mechanisms may be a marker of other unmeasured confounders such as pregnancy intendedness or lack of preparation for pregnancy, which are associated with increased risk of adverse perinatal outcomes. Other explanations include unreliable ultrasound estimate (such as no performed ultrasound or scans obtained late in pregnancy), infants being truly preterm, or both measures being correct because the infants are growth-restricted.
In all four countries, we found higher risks in infants that were classified as term by LMP but preterm by ultrasound/best obstetric estimate. Higher occurrence of risk factors for discordance, such as low education could be one explanation. We did find lower level of education in pregnancies with discordant gestational age estimation (Table 1 ). This is in accordance with previous findings that social factors are associated with poor reporting of LMP. 11, 12 Other explanations are a higher proportion in this group of true preterm, as ultrasound is a more reliable measure than LMP in most cases [13] [14] [15] or that this group of infants represents early growth restriction to a greater extent than the preterm/term group.
It is interesting that births classified as term by LMP but preterm by ultrasound have far lower risks of adverse outcomes than births classified as preterm by both methods. In the sensitivity analyses, risks were similar, when restricting both groups to be within 10 days from the cut-off day (259 days of gestation) by ultrasound/best obstetric estimate, suggesting that these births are more likely to represent late preterm births than those classified as preterm by both methods.
Previous work comparing different methods of gestational age estimation on risks of infant morbidity and mortality have often focused on infants born extremely (<28 weeks) or very preterm (28-31 weeks). [16] [17] [18] Until recently, studies have tended to ignore infants born moderately (32-33 weeks) or late preterm (34-36 weeks), as their outcomes were thought to be similar to infants born at 37 weeks and above. Several studies have now shown that late preterm infants do have higher risks of adverse outcomes compared to infants born at term. 19 A large Swedish registry-based study of more than 700 000 singleton pregnancies (live and stillbirths) found that pregnancies with an expected date of delivery postponed by 7-21 days (fetuses were smaller than expected by LMP) had an 87% increased risk of neonatal death (OR 1.87, 95% CI 1.67, 2.09) and an 18% increased risk of an Apgar score <7 at 5 min (OR 1.18, 95% CI 1.11, 1.24). 5 Pregnancies that had their expected date of delivery advanced by 7-21 days (fetuses were larger than expected by LMP) did not have increased risks of these outcomes. 5 The author concluded that the increased risk of neonatal death and low Apgar scores seen in fetuses that were smaller than expected by LMP was a reflection of early growth restriction and disturbances in fetal/placental development.
The increased risk of adverse perinatal outcomes for pregnancies with discordant gestational age estimations based on LMP vs. clinical estimate was confirmed in a US vital statistics study of more than 3 million singleton livebirths. 20 Agreement between the two methods of estimating gestational age was greatest for extremely preterm (20-27 weeks) and term (37-41 weeks) births. Infants born preterm, between 28-36 weeks by LMP-based estimation of gestational age, showed the greatest discordance between the two methods of estimating gestational age. The authors concluded that factors associated with discordant gestational estimates, which are also risk factors for preterm birth, included teenage pregnancy, low educational attainment, late initiation of prenatal care, high birth order, and no ultrasound use during pregnancy. 20 In our data from the US, many pregnancies may not have an ultrasound performed. Clinical estimate in these cases may reflect dating by LMP or a revised LMP based on other available perinatal factors at reporting.
Recently, the importance and magnitude of the method of gestational age estimation was demonstrated in changes in the US national vital statistics reporting. Beginning with data reporting for 2014, the preterm birth rate was calculated based on the best obstetric estimate rather than LMP. Although LMP-based reporting put the US preterm birth rate at 11.4% for 2013, the preterm birth rate based on the obstetric estimate was 9.6% in both 2013 and 2014. 21 Thus, a sudden dramatic drop in the rate of preterm birth was based on changes in reporting methods, rather than scientific or clinical breakthroughs.
Strengths and limitations
Our study was performed using population-based data from four countries with preterm birth rates ranging from 5 to 6% in Norway, 22 Sweden 23 and Finland 24 and 10 to 11% in the US. 25 To avoid misclassification by gestational age, we cleaned the data using the Alexander method. 10 In a sensitivity analysis using the z-score by birthweight method, similar results were found. Our study also has some limitations. Due to the form of registration, we were not able to account for clustering effects (repeated pregnancies to the same mother) in all data sets. We were able to take this into account in the Norwegian data. However, risk estimates were only minimally affected. Another limitation of our study is that we did not have clinical information on regularity of menstrual cycles or a method to verify patient report of LMP. Information on socioeconomic status differed across countries, but adjusting for education or maternal occupation did not influence risk estimates within any country. Information on maternal smoking was not available in all countries, and information about other life style factors were lacking. Thus, residual confounding may have affected our results. Each country has a different process for checking data entered into the birth registry or birth certificate, and thus validation processes to check or remove values that seem incorrect may also have differed.
Interpretation and conclusion
In this study from Norway, Sweden, Finland, and the US, infants who were delivered preterm according to ultrasound dating, but term by LMP dating, had increased risks of mortality, low Apgar scores, and NICU admission. These infants may be 'true preterm,' with birthweight appropriate for a preterm gestational age, or term infants whose intrauterine growth was restricted. If a first trimester ultrasound is consistent with LMP dating, pregnancy dating can be established and growth followed. A second-trimester ultrasound that reveals a smaller fetus than expected would suggest early growth restriction. If the LMP is uncertain and/or a late second trimester ultrasound suggests discordance with that LMP, then dating uncertainty is more likely, which will raise concern of pregnancy management. From a public health and vital statistics standpoint, a growing consensus supports use of ultrasound or obstetric estimate for more accurate gestational age assessment. Thus, many countries, including those examined in this study, are moving in that direction.
A valid assessment of gestational age is essential in clinical management, clinical trials, epidemiologic studies, and vital statistics. Our multicountry study highlights that discrepant estimates in gestational age assessment are associated with adverse infant outcomes across all four study countries. It seems reasonable to conclude that using the ultrasound/best obstetric estimate to define preterm will yield infants with higher risks of poor outcomes (whether or not they are truly preterm). Table 2 Risk Ratios (RR's) for adverse neonatal and infant outcomes by method of gestational age estimation and country, using the Alexander method for data cleaning 
